metal-organic compounds 



Acta Crystallographica Section E 

Structure Reports 
Online 

ISSN 1600-5368 

{/i-N,N,^A'-Tetrakis[(diphenyl- 

phosphanyl)methyl]benzene-1 ,4- 

diamine}bis[(2,2'-bipyridyl)copper(l)] 

bis(tetrafluoridoborate) 

Lun-Zhong Luo, Zong-Wei Yang,* Zhi-Bin Wang and 
Zhang Hong 

SiChuan College of Chemical Technology, Luzhou 646005, People's Republic of 
China 

Correspondence e-mail: yangweizong_1@126.com 
Received 4 July 201 1 ; accepted 20 July 201 1 

Key indicators: single-crystal X-ray study; T = 293 K; mean cr(C-C) = 0.009 A; 
disorder in solvent or counterion; R factor = 0.065; wR factor = 0.1 73; data-to- 
parameter ratio = 14.2. 



In the title compound, [Cu 2 (C 10 H 8 N 2 ) 2 (C5 8 H5 2 N 2 P4)](BF 4 ) 2 , 
the dinuclear cation lies on an inversion centre. The Cu 1 atom 
is coordinated by two N atoms from a 2,2'-bipyridine ligand 
and two P atoms from an Af,A',A'',A''-tetrakis[(diphenylphos- 
phanyl)methyl]benzene-l,4-diamine ligand in a distorted 
tetrahedral geometry. In the crystal, intermolecular C— 
H- ■ F hydrogen bonds link the ions into layers parallel to 
[101]. tt-tc interactions [centroid-centroid distance = 
3.668 (4) A] are also observed. One F atom of the anion is 
disordered over two orientations with a refined occupancy 
ratio of 0.675 (13):0.325 (13). 



Experimental 

Crystal data 

[Cu 2 (C 10 H 8 N 2 ) 2 (C 58 H 52 N 2 P 4 )]- 

(BF 4 ) 2 
M r = 1513.96 
Monoclinic, Pl^/n 
a = 9.912 (6) A 
b = 20.472 (10) A 
c = 17.938 (10) A 

Data collection 

Rigaky Mercury CCD 
diffractometer 

Absorption correction: multi-scan 
(ABSCOR; Higashi, 1995) 
T^to = 0.866, r max = 1.000 

Refinement 

R[F 2 > 2a(F 2 )] = 0.065 

wR(F 2 ) = 0.173 

S = 1.02 

6395 reflections 

451 parameters 



Table 1 

Hydrogen-bond geometry (A, °). 



P = 91.630 (7)° 
V = 3638 (3) A 3 
Z = 2 

Mo Ka radiation 
p = 0.74 mnT 1 
T = 293 K 

0.20 x 0.20 x 0.20 mm 



31355 measured reflections 
6395 independent reflections 
4944 reflections with / > 2a(I) 
R iM = 0.070 



11 restraints 

H-atom parameters constrained 
A/w = 0.64 e A~ 3 
Apmh>= -0.48 e A~ 3 



D-H- -a 


D-H 


H- ■ A 


D- ■ A 


D-H- - A 


C20-H20A- ■ FIB' 


0.93 


2.43 


3.36 (2) 


171 


C30-H30A- ■ F2" 


0.93 


2.31 


3.216 (9) 


164 


C33— H33A- ■ F3 ui 


0.93 


2.42 


3.319 (8) 


161 


Symmetry codes: (i) — > 


-+ u-y, -z- 


M;(ii)*-|, -y- 


h j, z + 1; (iii) x 





Data collection: CrystalClear-SM Expert (Rigaku, 2009); cell 
refinement: CrystalClear-SM Expert; data reduction: CrystalClear-SM 
Expert; program(s) used to solve structure: SHELXS97 (Sheldrick, 
2008); program(s) used to refine structure: SHEEXE97 (Sheldrick, 
2008); molecular graphics: SHELXTL (Sheldrick, 2008); software 
used to prepare material for publication: SHELXTL. 



Related literature 

For the synthesis, structure and applications of related 
copper(I) complexes, see: Chan et al. (1998); Chen et al. 
(2009); Linfoot et al. (2010); Yang et al. (2005); Zhang et al. 
(2007). 
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Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: RZ2624). 
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{/ f -A r ^V^V'^V'-Tetrakis[(diphenylphosphanyl)methyl]benzene-l,4-diamine}bis[(2,2'- 
bipyridyl)copper(I)] bis(tetrafluoridoborate) 

L.-Z. Luo, Z.-W. Yang, Z.-B. Wang and Z. Hong 
Comment 

Copper(I) complexes containing phosphine and nitrogen ligands have been reported to possess catalytic and luminescent 
properties (Chan et ah, 1998; Chen et ah, 2009; Linfoot et ah, 2010; Yang et ah, 2005; Zhang et al, 2007). As a contribution 
to this research field, we have synthesized the new dinuclear copper(I) title complex and report its crystal structure herein. 

In the title compound (Fig. 1), the dinuclear cation has crystallographically imposed inversion symmetry, the central ben- 
zene ring of the AyV,^AMetra[(diphenylphosphanyl)-methyl]benzene-l,4-diamine ligand (dpppda) lying about a centre of 
symmetry. Each copper(I) atom adopts a distorted tetrahedral geometry provided by two N atoms from a 2,2'-bipyridine lig- 
and and two P atoms from the dpppda ligand. The Cu — P andCu — N bond distances are in the range 2.2175 (1 7)— 2.2 198 (16) 
and 2.039 (4)-2.050 (4) A, respectively. In the crystal structure cations and anions are linked by C — H - F hydrogen bonds 
(Table 1) into layers parallel to the [10 1] plane, n-n interactions involving the N3/C35-C39 rings of adjacent 2,2'-bipyridine 
ligands (centroid-to-centroid distance = 3.668 (4) A) are also observed (Fig. 2). 

Experimental 

To a solution of 2,2'-bipyridine (0.03 12 g, 0.2 mmol) and A r ,A r ,A'',A''-tetra[(diphenylphosphanyl)-methyl]benzene-l,4-diam- 
ine (0.0900 g, 0. 10 mmol) in CH 3 CN (5 ml) Cu(CH 3 CN) 4 ]BF 4 (0.0656 g, 0.2 mmol) was added with stirring. The resulting 
yellow solution was allowed to stir for 0.5 h. Block-shaped yellow crystals suitable for X-ray analysis were formed by slow 
diffusion of diethyl ether into the solution (yield: 30%). 

Refinement 

All hydrogen atoms were generated geometrically and refined using a riding model, with C — H = 0.93-0.97 A, and with 
^iso(H) = 1.2(7 e q(C). The Fl atom is disordered over two orientations, which were refined isotropically with occupancy 
ratio of 0.675 (13):0.325 (13). The B-F bond lengths in the anion were restrained to 1.32 (2) A. The displacement parameters 
of the C25 atom were restrained to be isotropic by means of the instruction ISOR (tolerance 0.01) in SHELXL-97 . 

Figures 

Fig. 1. The molecular structure of title compound with displacement ellipsoids drawn at 30% 
probability level. Hydrogen atoms are omitted for clarity. Unlabelled atoms are related to the 
labelled atoms by the symmetry operation 1-x, -y, 1-z. 
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Fig. 2. Partial packing diagram of the title compound showing a 71-71 interaction as dashed 
line. Hydrogen atoms are omitted for clarity. 



{\i-N,N,N' f N'- Tetrakis[(diphenylphosphanyl)methyl]benzene-1,4-diamine}bis[(2,2'- bipyridyl)copper(l)] 
bis(tetrafluoridoborate) 



Crystal data 

[CU2(CioH 8 N2)2(C58H 52 N 2 P4)](BF4)2 

M r = 1513.96 

Monoclinic, P2\ln 

Hall symbol: -P 2yn 

a = 9.912 (6) A 

ft = 20.472 (10) A 

c= 17.938 (10) A 

(3 = 91.630 (7)° 

K=3638 (3) A 3 
Z = 2 



^(000) = 1556 

D x = 1.382 MgrrT 3 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 7518 reflections 

6 = 2.1-27.5° 

p, = 0.74 mm -1 

7=293 K 

Prism, yellow 

0.20 x 0.20 x 0.20 mm 



Data collection 



Rigaky Mercury CCD 
diffractometer 

Radiation source: fine- focus sealed tube 
graphite 

Detector resolution: 13.6612 pixels mm" 1 
co scans 

Absorption correction: multi-scan 
(ABSCOR; Higashi, 1995) 

r min = 0.866, r max = 1.000 

31355 measured reflections 



6395 independent reflections 

4944 reflections with / > 2a(7) 
R int = 0.070 

Qmax = 25.0°. 
/z = 1 1 >1 1 

k = -24^24 

/=-21-»21 



Refinement 

2 Primary atom site location: structure-invariant direct 

Refinement on F methods 

Least-squares matrix: full Secondary atom site location: difference Fourier map 

~, ~) Hydrogen site location: inferred from neighbouring 

R[F 2 > 2o(F 2 )] = 0.065 J ef , 

wR(F 2 ) = 0. 173 H-atom parameters constrained 

s=lQ2 w= V[o\F 0 2 ) + (0.079P) 2 + 4.5666P] 

where P = (F 0 2 + 2F c 2 )/3 

6395 reflections (A/a) max < 0.00 1 

45 1 parameters Ap max = 0.64 e A~ 3 
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1 1 restraints Ap min = -0.48 e A~ 3 

Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , convention- 
al i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > o(F 2 ) is used only for calculating R- 
factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


II- *IJJ 

^iso ' ^eq 


Cul 


0.14600 (5) 


0.06738 (3) 


0.78116 (3) 


0.0534 (2) 


P2 


0.07845 (11) 


0.06121 (6) 


0.66233 (6) 


0.0487 (3) 


P3 


0.36642 (11) 


0.05056 (6) 


0.77515 (6) 


0.0488 (3) 


Nl 


0.3460 (3) 


0.03687 (17) 


0.62451 (18) 


0.0463 (8) 


N3 


0.0160 (4) 


0.0323 (2) 


0.8576 (2) 


0.0574 (9) 


C4 


0.2202 (4) 


0.0676 (2) 


0.5974 (2) 


0.0523 (11) 


H4A 


0.1930 


0.0476 


0.5504 


0.063* 


H4B 


0.2376 


0.1134 


0.5880 


0.063* 


C17 


0.4184(4) 


0.0759 (2) 


0.6819 (2) 


0.0492 (10) 


H17A 


0.3985 


0.1219 


0.6745 


0.059* 


H17B 


0.5149 


0.0698 


0.6776 


0.059* 


C2 


0.4275 (4) 


0.0188 (2) 


0.5622 (2) 


0.0420 (9) 


Cll 


-0.0408 (4) 


0.1208 (2) 


0.6247 (2) 


0.0514(10) 


N2 


0.1007 (4) 


0.1529 (2) 


0.8344 (2) 


0.0584 (9) 


C35 


-0.0349 (5) 


0.0794 (3) 


0.9017 (2) 


0.0616 (12) 


C3 


0.5274 (4) 


0.0590 (2) 


0.5345 (2) 


0.0485 (10) 


H3A 


0.5462 


0.0989 


0.5572 


0.058* 


C5 


-0.0030 (4) 


-0.0164 (2) 


0.6417(2) 


0.0538 (10) 


C16 


-0.1308(4) 


0.1484 (2) 


0.6721 (3) 


0.0587(11) 


H16A 


-0.1273 


0.1372 


0.7224 


0.070* 


C34 


0.0164 (4) 


0.1461 (2) 


0.8906 (2) 


0.0575 (11) 


C18 


0.4462 (4) 


-0.0284 (2) 


0.7868 (2) 


0.0543 (11) 


CIO 


-0.1359 (5) 


-0.0203 (3) 


0.6130 (3) 


0.0625 (12) 


H10A 


-0.1808 


0.0177 


0.5985 


0.075* 


C36 


-0.1313 (6) 


0.0644 (3) 


0.9537 (3) 


0.0850 (17) 


H36A 


-0.1653 


0.0967 


0.9844 


0.102* 


C12 


-0.0462 (5) 


0.1384 (3) 


0.5504 (3) 


0.0702 (14) 


H12A 


0.0133 


0.1199 


0.5173 


0.084* 


C15 


-0.2269 (5) 


0.1926 (3) 


0.6460 (3) 


0.0698 (14) 


H15A 


-0.2887 


0.2102 


0.6785 


0.084* 


C33 


-0.0191 (6) 


0.1995 (3) 


0.9335 (3) 


0.0823 (16) 
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Atomic displacement parameters (A 2 ) 
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Oil— N3— C35— C34 -3.3 (5) 

01—02—03—01* -0.7 (7) 

Nl— 02— 03— CI 1 -177.9(4) 

Oil— P2— 05— 06 -179.6(4) 

04— P2— 05— 06 73.0 (4) 

Cul— P2— 05— 06 -49.8 (4) 

Oil— P2— 05— CIO -7.9(4) 

04— P2— 05— C 10 - 1 1 5 .3 (4) 

Cul— P2— 05— CIO 121.8(3) 

C12— Oil— C16— 015 0.8(7) 

P2— Oil— C16— 015 -178.0(4) 

C30— N2— 034— C33 -1.9(7) 

Cul— N2— 034— C33 177.5 (4) 

C30— N2— 034— C35 177.4 (4) 

Cul— N2— 034— C35 -3.3 (5) 



Symmetry codes: (i) -x+1, -y, -z+1. 



C18— P3— 024— C29 98.9(5) 

C17— P3— C24— 029 -8.4 (6) 

Cul— P3— 024— C29 -124.7 (5) 

C25— C24— C29— C28 2.7 (11) 

P3— 024— C29— 028 179.8 (6) 

C24— C29— C28— C27 -4.4 (12) 

C29— 024— C25— C26 -2.3 (12) 

P3— C24— C25— C26 -179.6 (8) 

C29— 028— C27— C26 5.7 (14) 

C28— C27— C26— C25 -5.5 (16) 

C24— C25— C26— 027 3.8 (16) 

F4— B— F2— FIB 70.6(13) 

F3— B— F2— FIB -81.9(13) 

F1A— B— F2— FIB 176.5 (12) 



Hydrogen-bond geometry (A, °) 

D—H-A D — H H-A D-A D—H-A 

C20 — H20A—F1B' 0.93 2.43 3.36 (2) 171 

C30 — H30A—F2" 0.93 2.31 3.216 (9) 164 

C33— H33A-F3™ 0.93 2.42 3.319 (8) 161 

Symmetry codes: (i) -x+1, -y, -z+1; (ii) jc— 1/2, -y+l/2, z+1/2; (iii) x~\,y,z+\. 



sup-10 



supplementary materials 




sup-11 



supplementary materials 




sup-12 



